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ABSTRACT:  Soft soil is one of the problematic soils with closely related to the ultimate 
failure behaviour which occurs as highly compressible, poor resistance to deformation, low 
permeability and also poor shear strength. UTHM soft soil sits on a very soft soil deposit 
which falls in the category as described above. To construct on these soft grounds, ground 
improvement  as  pre-treatment  is  necessary.  For  this  purpose,  an  innovative  soft  soil 
stabilization  method  using cement  admixed  with  rubber  chips  was  developed.  This  paper 
reports on the effect of cement admixed with rubber chips on the undrained shear strength of 
the stabilized soft soil.  Disturbed clay samples were collected from the Research Centre for 
Soft  Soils  (RECESS)  based  in  UTHM.  A  series  of  laboratory  tests  were  conducted  to 
determine the index properties of the original soft soil. The soft soil was stabilized with 5% 
mixture of cement and various quantities of rubber chips, then left to cure for 7 and 14 days. 
Upon curing, direct shear tests were carried out on the specimens to measure the undrained 
shear strength. From the experimental results, it is shown that cement admixed with rubber 
chips could significantly improve the undrained shear strength of soft soil.
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1. INTRODUCTION
Soft  soils  have  low  strength  and  are  susceptible  to  large  volume  changes  and  may  be 
composed of loose sands, silts wet clays,  organic soils or combination of these materials. 
From  the  engineering  point  of  view,  soft  soils  need  to  be  investigated  because  of  the 
problems such soils may cause whether it is during or after construction. 
Soft  soils,  especially  in  Malaysia  and other  tropical  countries,  are  abundant,  which it 
cover about 2.7 million hectares in Peninsular Malaysia, 1.66 million hectares in Sarawak and 
86, 000 hectares in Sabah. That is about 8% of the total land area of the country (Amer and 
Indra, 2007).
Cement  stabilization  can  have  a  variety  of  uses.  It  may  be  used  to  upgrade  a  local 
marginal material to improve its properties so that it may be used in construction without 
importing more expensive high quality materials. Portland cement stabilization is best suited 
for cementing individual soil and aggregate particles into a coherent mass. It will reduce soil 
plasticity  with  resultant  effects  on  swelling  and similar  behavior  (Marian  and Raymond, 
1999).
Waste materials such as waste tires, rubbers, and plastic materials are normally produced 
in every society, entering the environment and causing serious problems. Although some of 
them are recycled and reused for producing low quality products, the procedure of recycling 
may have dangerous impacts to environment due to producing dust. According to Tung and 
Hasanan  (2007),  in  Malaysia,  a  huge quantity  of  waste  tires  are  abandoned  within  sates 
annually. There is a record in year 2006, which indicated a stockpile of one million tires, 
sitting in a site along the Kuching-Serian Road in Kuching, where indirectly creates several 
problem because they can become hazard or insect and animal habitation.
The high strength, durability, and availability of tires or rubber have prompted their use, 
in the form of tire particles, as lightweight aggregate in geoengineering applications. Recently 
an  increasing  attraction  has  been  paid  to  find  application  for  rubber  and  tires  in  civil 
engineering. For instance, Zeynep and Gokhan (2007) used mixtures of clay and tire buffing 
to  evaluate  the  drained  and undrained  shear  strength.  Mahmoud (2003)  conducted direct 
shear test to investigated the influence of particles on shear strength parameters of rubber-
sand mixtures as lightweight backfill in geotechnical application and found that by adding the 
rubber  grains up to the sand can increase  the initial  friction of sand.  Tung and Hasanan 
(2007)  in  their  study reported that  at  the  higher  volume content  of  crumb rubber,  stress 
concentrations in the crumb rubber concrete paving blocks were much bigger. 
In the present study, direct shear test were carried out on rubber chips and the specimens 
of stabilized soil. The main aim of this study was to investigate the effect of using cement 
admixed with rubber chips on the undrained shear strength of soft soil. To this end, finding 
strength parameters of stabilized soil is the main objective of the present paper.
2.0 MATERIALS 
Soil samples were collected at Research Centre for Soft Soil (RECESS), UTHM which is 
located about 20 km from Batu Pahat and 15 km from Air Hitam. Sampling is done at 1 to 
1.8m depth  and  soil  samples  were  disturbed  samples.  A  series  of  laboratory  tests  were 
conducted to determine the  index properties  of  the  original  soil  as  represent  in  Table  1. 
Regarding the index properties of the soil, it is possible to state that the soil was categorized 
as  an inorganic  silt  of  high compressibility  and organic  clays,  MH according to  Unified 
Classification System.
The cement used was ordinary Portland cement and the chemical and physical properties 
of the cement are given in Table 2.
Rubber is waste product that easy to get from rubber industry. Rubber had been cut into 
small pieces to produce rubber chips. In order to prevent size effects, only rubbers passing 2 
mm were  used.  Figure  1  shows the  grain  size  distribution  of  the  soil  and  rubber  chips. 
According to Hamprey, et al. (1993), the specific gravity of tire or rubber chips is in range of 
1.1 to 1.3 and compacted unit weights can range from 322 kg/m3 to 725 kg/m3.
Table 1. Index properties of RECESS clay
Parameters Value
Moisture Content 84.19%
pH 3.32
Specific Gravity 2.62
Shrinkage Limit 12.90%
Plastic Limit 31.69%
Liquid Limit 68.00%
Table 2. Chemical and physical properties of ordinary portland cement (Basha et. al, 2004)
Properties %/unit
Chemical properties:
Silica 20.44
Alumina 5.50
Calcium Oxide 64.86
Magnesia 1.59
Loss on Ignition 1.51
pH 12.06
Physical properties:
Specific gravity 3.12
Fineness 2975 cm2/g
Figure 1. Grain size distribution for RECESS clay and rubber chips
3.0 SAMPLE PREPARATION AND TESTING PROGRAM
Direct shear test apparatus with internal dimension 60 mm x 60 mm was used to perform 
shear tests on stabilized soil. The thicknesses of all specimens were 20 mm. The tests were 
carried out based on the procedure described by BS 1377-7:1990. In all tests, three normal 
stresses of 3.41, 6.81 and 10.22 kN/m2 were used. Samples consisting of clay soil  alone, 
rubber  chips alone and stabilized soils  were tested.  The soft  soil  was stabilized with 5% 
mixture of cement and various quantities of rubber chips which were 5%, 10% and 15% from 
dry weight of soil.
The direct shear test was undrained and the load was applied at a rate of 1 mm/min. Three 
specimens were prepared from each mixture for each curing period and for each test. In order 
to avoid excessive moisture loss, the specimens were wrapped up with the stretch film after 
removing  from  molds.  They  were  kept  in  tightly  closed  buckets  with  raised  Styrofoam 
platforms at a room temperature of 20˚C then left to cure for 7 and 14 days. 
The specimens were tested to determine the shear strength parameters, cohesion (c) and 
the internal friction angle (φ) values. To capture any inaccuracy associated with influencing 
factors, some tests were randomly repeated two or more times to ensure that the procedure 
adopted in all experiments was indicative.
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4.0. RESULTS AND DISCUSSUION
Figure 2 illustrate the variation of shear stress versus horizontal displacement for rubber chips 
using three normal stresses of 3.41, 6.81 and 10.22 kN/m2.  From the variation, the shear 
stress of the pure rubber chips grains still tends to increase slightly with increasing horizontal 
deformation. Figure 3 show a graph of normal stress versus shear stress for rubber chips and 
from the graph, the cohesion (c) of rubber chip is 0.32 and internal friction angle (φ) is 15.24.
Figure 2. Shear stress versus horizontal displacement for rubber chips
Figure 3. Normal stress versus shear stress for rubber chips
The addition of rubber chips played an important role in the development of undrained 
shear strength parameters C and φ of cement admixed with rubber chips for soft soil. Table 3 
showed  the  variation  in  the  cohesion  and  angle  of  internal  friction  of  natural  soil  and 
stabilized soil with different amount of rubber chips for different curing period and Figure 4 
and 5 summarized the table. It is observed that for every curing period, the value of cohesion 
increases  while  increasing  the  amount  of  rubber  chips.  The  highest  value  of  cohesion 
obtained was 0.70 kN/m2 at  15% rubber mixture and 7 days  curing which is 0.64 kN/m2 
higher  than  natural  soil.  The  friction  angle  varying  with  rubber  chips  content  shows  a 
nonlinear variation. The friction angle of the mixtures first decrease with increasing rubber 
and then increase slightly with the addition of rubber chips for samples 7 days curing but for 
samples 14 days curing, the friction angle increase at first then decrease at 15% addition of 
rubber.
τ  =  σ  tan 15.24 + 0.3159
R2 = 0.9994
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Figure 6 shows a variation of shear stress with horizontal displacement for natural soil 
and stabilized soil of 5% cement and various quantities of rubber according to curing period 
with  normal  stress  of  10.22  kN/m2.  From  the  variation,  a  relatively  clear  peak  can  be 
observed in shear resistance of all specimens and at a given normal stress applied on the 
specimens, shear resistance of the stabilized soil is greater than the soil alone, especially in 
samples containing higher rubber chips percentages.
Table 3. The cohesion and angle of internal friction of natural soil and stabilized soil with 
different amount of rubber chips for different curing period
Figure 4. Cohesion (kN/m2) versus cement  
percentages for different curing period
Curing
(days, d)
Rubber (r)
%
Cohesion (kN/m²) Angle of internal 
friction(φ)
Natural soil 0 0.06 14.03
7 days 5 0.61 5.04
 10 0.67 3.72
 15 0.70 4.24
    
14 days 5 0.28 3.43
 10 0.30 9.09
 15 0.53 0.72
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Figure 5.Internal friction (φ) versus cement percentages for different curing period
Figure 6. Variation of shear stress with horizontal displacement at 10.22 kN/m2 normal  
stress
5. CONCLUSION
This study was undertaken to investigate the effect of cement admixed with rubber chips on 
the undrained shear strength of the stabilized soft soil. Direct shear apparatus was used to 
determine the strength parameters of natural soil, rubber chips and soft soil admixed with 5% 
cement and various quantities of rubber chips which were 5%, 10% and 15% from dry weight 
of soil.
Based on the data obtained, it has been found that an apparent cohesion is obtained in 
samples containing rubber chips. Furthermore, adding the rubber chips up to 15% to the soft 
soil can increase the cohesion value from 0.06 to 0.70 kN/m2. The increase in the rubber 
chips increases the value of cohesion and this variation is linear in each curing period while 
the angle of internal friction varying with rubber chips content shows nonlinear variation. 
At the higher content of rubber chips, stress concentration for the stabilized soil were 
much higher and the strength were affected significantly due to the loss of adhesion between 
rubber chips and the surrounding cement paste. This is because the elastic characteristic of 
rubber, when applied a loading, rubber chips would be dense and after the loading is released, 
rubber chips would return to the actual size. From the study, it is shown that cement admixed 
with rubber chips could significantly improve the undrained shear strength of soft soil.
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